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ABSTRACT 



PROBLEM TO BE SOLVED: To provide a fuel cell simulator capable of 
simulating the relation between the operation voltage and the power 
generation efficiency even to a fuel cell system of a several kW class, a 
fuel cell simulation method, a fuel cell simulation program, and a 
recording medium with the program recorded therein. 

SOLUTION: In the fuel cell system having an external reformer 4, an 
internal reformer 8, a solid oxide fuel cell 9, and a combustor 10, the 
total calorie Hkeep per unit time required for maintaining the temperature 
of the system and the total heat of chemical reaction Hreac per unit time 
in the system are calculated, and if Hkeep) Hreac, 

t) (V) =w/ (nE+Hkeep-Hreac) , or if Hkeep^Ireac, v (V) =w/ (nE) , and the 
fuel cell simulator to calculate the power generation efficiency 7? (V) 
at the operational voltage V is constituted, where w is the electric 
output, n is the mol number of the fuel charged in unit time, and E is the 
energy emitted from the fuel of 1 mol. 
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= 4(l-r)nk c 0 m 
= 4(l-r)wk c 

[0053] ftttC. 6. 16. 

[00 54] £-f. ffiMkoAPiag. ffiaiag. a; 

[»8 3 



[00 50] aiTJ^JKP [mftttfi^ffV y h/c 
m2 ] (i, 

P = V(V 0 c v - V)/R N 

*ja-t;UE«$^8 0.0%i:LT. 
A c = 1.25w/(P(l-A AD )(l-A aux » 

«H3 3 ££J£ U MSHHMgftfWft 3 3 mm V o 
Is*. 

J«P) (8) 
CO + 0.5O 2 -* C0 2 

[0052] i&mt, mmnmi&timm®3 3mm 

Icon. «, «&S3 5fc#fiiaa*fcOSSXt-iH 
2 tCO^^«4(l-r)nK. H 2 i;CO<D 

kcom ( = 1.9 3m3 s/t/H ffrffllvt. 



m /(8FrV(l-A AD )(l-A. u x )) 
l . o » T H _ ; , T H _ D 

[0055] 
[«8] 



(9) 



18-?-ii 



-r w T^, -r^-A JXq, 



Srffl^T. T L . i.T L . „,T H . , [ 0 0 5 7 ] m&jc&gi<f> L * <*>h 

H . o n A . C A Ji. **t-f-'fu * L = (T L . 0 -T L . , )/(T H 

^Aco^/UsES [4LfflU0|jltf%ji</s] , tyuitft T L . j). 

cm&ii&Mtf k>] tsftie * H =(t h . , -t„. 0 )/<t h 

^•ZCOT^L. i . L,o. H. i . H.oli. -eil-fiX. T L . ,) 

^X^^to^TiOtglnSr^-r. [00 58] 

[0056] X^T\ *tfi&£<^LTf£#M£;£tf> [»9 ] 

h. 
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CK9] 



0 



0= ia-h 



[0059] 
[»10] 

[RIO] 



(fw/( m 2 • k)] Tf)*). -ti^-^^-ymf^m 

S§5rS[SLT3 0.0W/(ni2 K)tLfc. S h frb. 
KSd h ( = 25.4mm) ^jL-y$-i5gL-C»3c 



Vo 1 h = S h d h />r 
KJ:oT*tf>£. -TiHi, Brffi*>i:f£A 5 dh 

[0060] Zilfrt, . ^IMtti0Bftttttft3 3 . rt 
Si5K«S3 4 . *«&ft83 2&tf&MfS3 5**-'* t 
4 0t*->fct^a-^ftVJBStm»2. 6. 16. 1 

S c e 1 1 

= 5(di +(Vo 1 0 _ R . + Vo 
fcioTII**-*. iCt, d t (MtfmcOJfS 

Sc.. = 5(d, + (Vo 

[0062] »X«8§§2. 6. 16. 18fWilto 

S h = 6(di + (Vo 

S>fc90&mQ k e . P @gi&S£T t a r s i 
Qk.. P = p(T t a r B 

i: fremiti.. 

[0063] PM-t/H35#3 6<0T t a r B li. fl-S? 
KSI83 2*>a*T 0 _ R . . mm 5*$3m& 
2. 6. 16. 1 8<r>£olZi&mf)*£itt&mm<r)T 

[00 64] ZgmiZ^X&ltiZtltzQi e e p £ 
£L£fcitTH k e . p Cl?)J: ofcLT* 

#>£>*u:H k . . p u««aurr. 1 m „ izmtx 

SMfcU T stno jW»tfctfH k . . p tf{£<* 

[0065] a.mz. &®&m%x-v>m®!tmhtz *><n 



(10) 

O&Jg#©i,v0T'. 02O^S0c7)J:-3(C. SttgHk^ 
JBfitfWfi 3 3 . tt&KICS 3 4 flS&KS 3 4 (i 

(P3f§H:/l^tt36) tL"C»V\ *<9±SHc 
IBt&S 3 5 tfhh t®m. U:. PUSHn^m 3 6<T)9m 
«S C . , j «i. f*^*^4^«:$r(R^tTlS^®8[ 

6Boa*>5ffl*^*i(CfflL-CV^tLT. 

I s +Vo 1 , _ R . )i /s )2 (ii) 

[0061] «tt»3 5«aM^O*lB«Sc o . tra 

iccm) 1/3 ) 2 (12) 
l h ) ,/3 > 2 (13) 

"T.t.JS/d, (14) 

tt&Kii&:<D®m r e a e KJt^ti^ai 

K«S3 2 . m&83 5. BOMftft«0gttft«ffi3 3ft 

3 4 O^Rf£^Oftr*> & . 
[0066] fl-SS&gfS 3 2 OJiWISIJ)*: *} <ORSm 

Qo - r « (j»sfcjEfcjR4 ) ii. *n«aarc»£L 

xy^/Ut-S(kSrAH R e fcU hftl&T)*: 

i)<oxy^^e-^$r a h s h t u 

[0067] 
[ftll] 
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[Rl 1] 



= -r....n(AH,.+ r... 1 4H,,) 
= _ r,.,.w(AH,.+ r,.„AH, t ) 
8FrV(l-l„)(l-l llt ) 



[0068] 3 4 cn&mfsihtz o^zum 

Q i - r « tt. r , - R s £*^&ftT'2£4lL£C 

[Rl 2] 



[0069] 
[1512] 



Ot-». = -(1 -r.-,,.)ii(AH,.+ r ,-„AH.O 
= _ Q -r.-,.)w(AH..+ r,_«.AH..) 
8PrV(l-A AB )(l-A.„) 



[0070] ®&&m%mmm 3 o*c»sia*fc 
O^if^Qs tt. h 2 . eocomtKR&mim 

[R13] 
Qi = 

rw(3 + r..«.r. -„.+ (! 



8FrV([-l„)(l-i..,) 
r v( 1 - r r.-R,— (1 -r.-n.r .-»,) r i-m) AH C o 
8FrV(l-Xxo)(l-A.„) 

w 



m3 3lZ&mmhtc*)tilk??>H 2 C0=E/U&n(3 + 

o - R e •"o-RS+(l - «" 0 _ Re r 0 -R S ) 

r , _ R g )2tlA*CO<7)^:/^n(l-r 0 _ R , r 

o - R S _ (1~ r o-Re r o-Rs) r l-Rs) 

Qs Sr. 
[0071 ] 
[SU3] 



' r o-at r »-&•) r i-u)AH H1 



(i-A AD )(i-i.„> 
[0072] tmm 5m&msf>K ookjg&q 

con. -t#-fi>iS££AT ( = 300K) . mffi 

[R14] 
Qc. = 



ft-ffU n c 0 
[0073] 
[»14] 



Cc o tn t L/C. 



_ ( 1 - r ),w ( 3 + r r ( 1 - r .... r .-««) r , -..) A H, 

8PrV(l-l 4D )(l-i.„) 
_ (l-r)w(l-r.-,. r.-..-( 1 - r r .-«■) r ,-»,) AH C 



8FrV(l-i„)(l-i ...) 
— n c .»4TCc.. 

[oo74]^»2St«H32. rtspesc«s§3 4. mm 

tt^5Clf£*Q 0 - R e , Ql - Re - Qs - Qc o m 
r e e c 

[007 5] KLb^lHKfiEtrV r = 0.800. V = 
0.650-1OUK A A D =0.0700. A SO!I = 
0.0700. r 0 . Rt =0.200. (1 = 0.022 



0m. d h =0. 0254m. di =0.100m. p 
= 0.3 0 0W/(m/K), T stmo =2 9 8K. T 
„-Re =1070K, WftW)ffili633a 
t**ias$«3£3 4O&J£=127 0Ki:U w££fc$ 

[007 6] 03t^mSwi:%^!)$77(V) OBIS 

[0077] &?m¥ftt^mz'i±wa.iiiJiiz&t,i'-%. 
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#<0IIA(») (ii'-^yx VxX+V?J\*?X (Sien 
ens Westinghouse) ttS^l OOkWS. 200kW& 

H#(A.) (iX/l^yx/U (Sulzer Hexis) ttS 

CO 1 k W8L 2 k Wfi(^)BK4:eHbtWmflQAvXTA 

mmwmx-hz. v-xyx txx+yrswx (s 

ienens Westinghouse) iti&OSO FCyx-f .MiF 1 ]© 

fOSUCfcS. X^7x/K^y^ (Sulzer Hexis) tt 
S^cOSOFC 5^X^AttT«ai-fe^fttf K3aBBR* fflV » 

x =5r*»o £ s o f c >sx T^conavx-z x n h z 
ttf®mx'Z&. 

[0078]^V^T, r=0.800. w=10000 
W(10.0kW) , A AD =0. 0700. A a u x 
= 0.0700. r 0 _ R e =0. 200. d = 0.02 
20m. d h =0. 0254m. d, =0.100m. 
P = 0.300W/m/K, T llmo = 2 9 8K. T 

o — r e = i o 7 o k . Mmmmtm*&3 3 a. 
tfrtacsdrss 3 4 com.= 1 2 7 0 k t l . v^ts 

[0079] 04tc:. W±Vt%m>mv{V) coPI^ 
Sr^-T. Wtt8Ji«e3lW)tttt^SSSrfflV^ji-CftO, 

[0080] fiawBtt^fa-ctt. €flE£±#£tf*uf 

U 1 0kWgScO^X-rAtcS*^T^XxAffijSgS 

<. CtOlf^aJimfflT'^^vv ZtilzftL. *«W 

JiftSS^mET'Sffi^^Pdfck^ofc. .rfUi. H 
IScO@^t^afim«i6^XxA<o«gii: h&SLX 

v opt <i. 
[008 1 ] 
[&1 5] 



[Rl 5] 




(3) 



tcg-^vcgjil-f fc**"C& h . ±iw: < 3 > ti. 7 
(V) <7)VizmtZM®Lft<m<r)V = v 0 p t Kfcit* 
<SA { 0-Cft6^fc£i!ILTVv5,. H|£lc. ±IES (3) 
fcJoTV. p t £**>££(i. : V = V 
o P t £851-81 LT. ±E5C ( 3 ) «x£2MC*J»t61H 
SMfcOfflfcJMSU ^c0fi*<0i:^l,i:#<7)V5rV 

„ P t t-rn(f«tv\ 

[0082] Jb£<0ift3£"C«. V 0 p t «. ±M£ 
(3) izm^xv a p t = 0.7 1;t-:/H>fc)*5g£ft 
-5. 

[0083] £U:fci«! L7t«t 9 (C *^Kf^s«m 
H k . . p fcH r . a e fcfcgtUL. ±I£^ 

( 1 ) *fci4* ( 2 ) imwc, tm^m^xT^M 

C*EVfc*Kt*»«JMs»?<V) £JttiJL. ftMri. 

^*^^/J^Jli^«Ov-XxA(Cfett|,%S^^ffffi 

[0084] *aW(C«6«f«*S'5*l'- 

( 3 ) KS^UT. flmmiftvX-rAcO&m^'? 
(V) fcfbfcfc-ftWeWEEV, p t SrgffiL.t&fcff 

^.^o^/J^ai^COxXTAlCfcttl.^^ft^ 
[0085] w<0<fc p tC. *9HS{=ft«flm««S/ 5 i 

- ? J: i/Wim^y $ a u— y 3 Sconce 

mfeiz&vhmmmmisX7-2*(otmcr)mmi:ft 0 z 
ti)<x-$&. tti, ttuzm^-z&ckcnyimtmmt 

[0 0 86] j&ft^ftyXxAcOACJiifiw. SfemE 

ygyMci-Jt. ts^^ftev-x^A^m^^^ 
<v) sr*ai-rsjm^£*^-&vs J LW-^*^ 

y^AW53{ciaSt^j^m?i!!cox$ * 3 y 

[0 087] ^©ft^XirACOACai^wiJ 

(3) (cg-?wc. %mja*^<v) ^ft^t-rsais 
9#mm. 2 izimvyimm&i' s ^ \s—9p>%wm 
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i o 0 8 8 ] ±M<7)m®W.ft.<?> x 5 a V- x 3 ^8=0 
[0 0 89] laStC^LfcJ: ;«y$al/->3 

?j (Input) L. Xf7/S2t. ±f£* (5) 

^UStn-Sr^ib, Xf-?7"S3T rt&KSfs 3 4 <0fc 
SVo I , _ R . . *1-grc5Cl?S§3 20tt«Vo 1 

0 — r e » WM(fflti3 3«MVo 1 s . 
8*&&3 5<9tt«Vo l c „ m fc<fctf»X8lgS2. 6. 

1 8fflM*>tM*V o 1 h Sr. **t<fft. ±|fi^ ( 7 ) . 
(6). (8). (9)fcJ:y (10) Sfflv^T^. 
Xr-y 7*S4T. P3(§I-fe^^3 6^ffi« 
Sen. 8*&£3 5<7>*iS#<03liB«Sc 0 m fcJ:tf 
&£&&2. 6. 16. 18»DWtS h £\ 
«l. ±fS5<: (11). (12) tollf (13) fcfflo 
■C*W. XT-7 7-S5T. HWSS e e ! ! . S c „ m 

k,,,?;, JJB* (14) £Jfltvr$#>. Xt-vTS 
6T. Xf-v7 , S5T3W>fcQ k , . P £J0;t£;b-t£ 

Xx-y7*S3~S6i:li$4£LT. Xf77S 

7 t. 3 4 o#<an*isi*>*: o o»s&q 
i - R e s *mrmi»3 2<o#(a^*>^ocoRi5SiQ 
o — r e . ®mim%immm3 3<7)m<mmf>ti r > 

»Qc,.«J.^n. [R121. [Rll], 
Cftl 3] fcjry [ftl 4] fcfflWC**), Xf7 7S 
8T, XrvrS7T*a6fcKiSft&»li-&*rrC. & 
»«W3RT^)»ffli*BIfcfc •? co^SJC^)*S?DH 

[0 0 90] *r*7S6&J:tf.XT>7S8a%TU 
fcttfc. *T-y7-S9T. H k . . p tH r . a c Sit 
«U Xf-'/TS 1 0T. *T>7S9<9iUB&JR(C£ 

o'^-c. jjk ( i ) ( 2 ) srfflv^rasH^ffly 

xrA^K^Evtcfcit^^mS^^tv) *SW>. o 

utput i kixmirth. s^t, %m«^77(v) s 

7-S1 HCJitCT. SK«ffiV<r){iSSi-C, Xf77 

si~siotiaajji | )aL»Tt, xf/rsi 
2t. tffMmmLgftizx^xi&tot^ %m>mv 
(v) kaiemffvtora^*^. ues o > ks^ 



Srjfctf). Output 2 fcLTflMrt-*. 
[0091] ±ie^x yTSl*»/i>Xr-y7*S104T 

ry^ontfotnmmk**) . xf-y/siH^f^ 

7*S 1 2iT^«^f«S-3>^ J .-^(C5lff$-ti-|»/c 

[009 2] £tz, ±lfiAx yrs l*>4>Xf y7S 1 
0 £T*)i8»#WS£=J V t J.-9 £Mf Zit&ttor 

awx-f mm •) qtewumMimsm i ten 

[0093] 

jft^rA(c«LTt. jUECEfcftro*fcanff& 
i/Sau-hT^iAMEiTOs^sjuu-^, tttwto 

[Hi ] mwmmmmm^^T^i^'mxh 
h. 

[H2] mm^mBm\m^ : Jx-)v^7^mx:h 
[H4 ] MftWEt%'%$)m<?>mm7ik-tmT$)$>. 

[05 ] *JWBfcfiR6«SR«l!!<05'5 aW-^H 
<97n-TA—h (cSEixS) T*>«». 
[4^)DIBB3 

l-Kft***^. 2-JK03M9. 3-}RSS»»2*» 

4*^ss*-rss^x. 6-3R2fla«*. 7 • »jsaft3s 

(tWSii> 10-ffli^. 11. 12-fiSKSl 
OOSWfX. 13, 15-S5R. 16- 

17-2^,. l8-3R3a«B. 19-2^. 
2 0. 2 1-Sf/rx. 2 2--feiW7? < 3 1-gfr^. 
«. 3 2-fl.Sfia«£. 3 3-Qft4fHkfll»flm«%. 
34-rt«K5[«». 3 5-jBBftS. 3 6-nfSi-t/l^ 
^. Sl—Sl 2-ySaU-y a VHWl^T -/? , 
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[01] 



[02] 



Hi 



82 



22 



JU5, 



2 1 



-1* 



20 



1 9 



1 0 



I 2 




1 

2 

e 

8 

10H*»» 

11, 12HKttS10©*#X 

13, 14«.»;tf* 

1 5 -SMI 

i9-*a 

2 0, 2 1«4!Mf* 
2 2 



3 L--ff*tf 

3 2 

3 3 -"l(UHIill»Nft» 

3 5"«tB 

3G-.Rf*trMH* 



<b) 



[03] 



[04] 



Bf4 



SO 
45 

K 

25 
20 



ft* 



55 
50 

i- 

30 
25 









It* 















10 100 



a7 



at 



(V) 



(n. 4 ) )0 3- 
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[05] 







"1 




= 1 
















*** 



















Outpu 










(72)^hm tirrt m «2)%?m mm an 

(72)HBM UjT F*-A<##) 5B056 BB72 BB91 

^CSBTftfflE^cWZlT @3#1^| B 5H026 AA06 HH06 HH10 

*«fNM1*^^ttrt 5H027 AA06 BA01 BA02 KK25 KK46 

KK52 KK54 



